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ABSTRACT 

Vertical distribution profiles of N^O and 
CH^ have been measured from Hyderabad, India 
using balloon borne cryogenic air sampler. The 
samples have been analysed using gas 
chromatographic techniques. Results for two 
balloon flights made in 1987 and 1990 show 
effects of tropical characteristics like higher 
tropopause and upwelling motion due to Hadley 
circulation. These profiles also exhibit 
perturbations around 25 km height, which are 
likely to be due to dynamical effects. A 
comparison with the SAMS data show that the SAMS 
values for both these gases are higher by a 
factor of about 1.5 to 2 around 30 km height. 

1. INTRODUCTION 

Nitrous oxide and methane are the two 
important trace gases which have biogenic 
sources. Both these gases play important role in 
atmospheric chemistry and radiation processes, 
particularly relating to ozone and global 
warming. Methane also reacts with OH radical 
which is the controlling radical for entry into 
the stratosphere for many trace gases. These 
gases have also been identified to play 
significant role in global warming through the 
absorption of the outgoing earth's infrared 
radiation (Ramanathan et al . , 1985? IPCC, 1990). 
It has been found that methane and nitrous oxide 
contribute about 21% to the total change in 
radiative forcing from 1980 to 1990 {IPCC, 1990). 
Abundances of these gases have been increasing in 
the earth's atmosphere. While, nitrous oxide is 
found to be increasing at a rate of about 0.2- 
0.3% per year (Weiss, 1981? Rasmussen and Khalil, 
1986? Robinson, 1988? Prinn et al., 1990? Sheel 
et al., 1990? WMO, 1991), methane is increasing 
at a rate of about 0.8-1% per year (Blake and 
Rowland, 1988; WMO, 1992). Tropical regions 
contribute about 50% of the total global sources 
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of both these gases (WMO, 1985). Tropical forests 
and oceans are the major sources of N^O. The 
North-West Indian ocean (15-25°N) represents one 
of the most significant marine source of N^O (Law 
and Owens, 1990). Major sources of methane are 
natural wetlands, rice paddies and enteric 
fermentation. These too have large spread in the 
measurements (IPCC, 1990). 

The vertical distribution data, which are 
important for modelling the chemistry of the 
troposphere and stratosphere are also limited 
particularly in the tropical region. There have 
been a series of measurements from the mid- 
latitude region using balloonborne sampling 
technique (Ehhalt, 1980; Fabian et al., 1981; 
Schmidt et al., 1984; Lai et al., 1989a). 
However, only few measurements of these gases 
have been made in the tropical regions (Ehhalt 
and Toennissen, 1979; Lai et al. , 1989b; Borchers 
et al. , 1989) . 

A programme has been undertaken jointly by 
Physical Research Laboratory (PRL), Ahmedabad, 
India and Max Planck Institute for Aeronomie 
(MPAE ) , Lindau, Germany to study the vertical 
distribution of trace gases from Hyderabad 
{ 17 . 5°N ) . This paper presents the results of two 
balloon flights conducted from this site on March 
27, 1987 and April 9, 1990. 

2. EXPERIMENTAL DETAILS 

Three balloon flights carrying a composite 
payload consisting of a cryogenic air sampler of 
MPAE, Lindau and a suntracking multichannel 
photometer of PRL, Ahmedabad were launched from 
the tropical site, Hyderabad (17.5°N). The 
details of the balloon flights are given in Table 
1. The neon cooled cryogenic air sampler 
collected 15 samples during each flight in the 
height range of 10 to 35 km. The descent of the 
balloon was controlled using an apex valve and 
some of the samples were collected during this 
part of the trajectory also. The first flight in 
1985 was a test flight and adequate amount of 
samples could not be collected during this 
flight. Air samples of about 10 litre at STP 
were collected with sampling times ranging from 1 
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Table 1 : Details of balloon flights from Hyderabad, India for trace gas studies 


Launch Date 

Launch Time 
Hrs. (1ST) 

Cut-off Time 
Hrs. (1ST) 

Celling Altitude 
(km. ) 

Experiments 

27.03.1985 

0608 

1150 

35.3 

Cryogenic air 
sampler and 
multichannel 
photometer 

26.03.1987 

0545 

1508 

34.5 

-do- 

09.04.1990 

0536 

1350 

33.7 

-do- 


minute at 11 km to 60 minutes at 14 km during the 
last two flights. Further, details of the 
cryogenic air sampler and sampling procedure are 
given in Fabian (1981). 

The collected air samples have been 
analysed at the MPAE, Lindau using gas 
chromatographic and coupled mass-spectrometric 
techniques for N O and CH^ alongwith many other 
trace gases. Nitrous oxide was analysed using a 
gas chromatograph coupled with a quadrupole mass- 
spectrometer while methane was analysed using a 
gas chromatograph with a Flame Ionization 
Detector (FID). The analyses were done against a 
laboratory standard which was calibrated using 
known mixtures of high purity gases. The 
repeatability of the analyses is better than 2%. 
However, the errors in calculating absolute 
mixing ratios which arise mainly due to 
calibration mixtures are of the order of 5%. 

3 . RESULTS 

The profiles of CH 4 and N O obtained from 
balloon flights in 1987 and 1990 are shown in 
Figures 1 and 2 respectively. Both the gases 
show almost uniform mixing ratio in the altitude 
region below 20 km. Above this height the mixing 
ratios start decreasing. This feature is 
concurrent with the high tropical tropopause. 
Also, there is no appreciable difference in the 
tropospheric values of these gases for the two 
flights . 

In the stratosphere, mixing ratio of N^O 
decreases much faster than CH^ due to higher loss 
rate compared to CH 4 . The variability observed 
in the two sets of profiles for the two gases is 
identical. The 1987 profiles of CH^ and N^O show 
sudden change around 2 5 km but this feature is 
not observed in the profiles of 1990. The 1987 
flight shows an increasing trend in the mixing 
ratios of the two gases above 25 km followed a 
slow decrease. However, there is a sharp fall 
beyond 30 km but there is only a single data 
point. Contrary to this, the 1990 flight shows a 
steady decreasing trend throughout except for a 
small decrease in the height range of 2 2 to 2 5 
km. This indicates that the region around 25 km 
height has some special features. Wind data for 
the two flight dates do not show any appreciable 
change around 25 km altitude eventhough the wind 
profiles do differ in the tropospheric region 
(Fig. 3a, b). Similar abnormality in several 
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Fig. 1. Vertical distribution of CH measu- 
red over Hyderabad during 1987 and 
1990 and a comparison with other 
measurements . 

longlived trace gases has been seen in the 
profiles measured from Southern France (44°N) but 
at a lower height around 22 km (Lai et al., 
1989a, b) ; Borchers et al. , 1989). The 

perturbation observed in these profiles appears 
to be due to dynamical effects as there cannot be 
sudden change in the photo-dissociation rates of 
these gases. Spectroscopic measurements of CH^ 
and N^O during a shuttle mission from April 30 to 
May 6, 1985 consistently showed a ’fold’ around 
30 km altitude (Gunson et al. , 1990). 

4. COMPARISON WITH OTHER MEASUREMENTS 

Figures 1 and 2 also show a comparison of 
the Hyderabad profiles with the average profile 
based on measurements made from Southern France 
{ 44 °N ) using similar sampling and analysis 
techniques. Measurements made with spaceborne 
techniques like Stratospheric and Mesospheric 
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Fig. 2. Vertical distribution of NO measu- 
red over Hyderabad during 1987 and 
1990 and a comparison with other 
measurements . 

Sounder (SAMS) and the Atmospheric Trace Molecule 
Spectroscopy (ATMOS) flown onboard Spacelab-3 
(SL-3) mission given by Taylor et al. (1989) and 
Gunson et al. (1990) respectively, are also 
presented in these diagrams. Comparison with the 
mean mid-latitude data show very clearly the 
effect of upwelling in the Hyderabad profiles. 
The Hyderabad profiles show decrease in the 
mixing ratio only above 20 km while the mid- 
latitude profile shows decrease above 15 km 
itself. However, above about 28 km the Hyderabad 
data fall within the range of the mid-latitude 
data. This sharp gradient above 2 5 km in the 
Hyderabad profiles appear to be due to intense 
solar radiation prevailing in the tropical region 
compared to the mid-latitude region and 
consequent increased photodissociation. 

Average data for 20 °N for the month of 
March based on the SAMS data for both the gases 
are presented in Figures 1 and 2. In case of 
CH , the SAMS values are higher than the 
Hyderabad values at all altitudes except three 
data points of the 1987 flight in the 26 to 30 km 
altitude. The increase is by a factor of about 
1.5. Similarly, N^O values derived from the 
SAMS results are higher but the difference 
increases with height. Around 3 0 km, the SAMS 
values are higher by a factor of about 2. 

The ATMOS experiment data for CH is within 
the average values of the mean mid-latitude 
profiles. However, the NO values are almost 
representing the Southern France data. 


The measurements of CH 4 and N O made from 
Hyderabad show the effect of strong upwelling 
motion. Over Hyderabad, the constant mixing 
ratio region extends upto almost 20 km height as 
against 15 km observed in the mid-latitude 
region. There is a sharper decrease in the 

mixing ratios of these gases above 25 km 
compared to the mid-latitude profiles, probably, 
due to higher amount of solar radiation reaching 
at these heights in the tropics. 

The SAMS data show higher mixing ratio of 
these gases compared to the Hyderabad profiles 
while the ATMOS experiment data for both the 
gases for 28 °N almost represent the mid-latitude 
profiles. This aspect needs more in-situ, 

preferably simultaneous, observations, to 

delineate the biases. 
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Fig. 3a & b. Wind profiles measured during the flight periods. 
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